. The infrared spectra of several rare-earth formates.
Notes
Finally, it is interesting to note that there is no NMR evidence for the existence of isomeric (tautomeric) mixtures in the case of AADO in D20 solution.
(b) IR spectra of BADO and Cu(II)-(BADO)2. Table I shows the important features of the IR spectra of the BADO and Cu(II)BADO molecules.
The pseudoaromatic conjugated system in the copper chelate is shown by the following:
(a) A shift in the C=N stretching mode of the free ligand from 1620-1600 cm -~ (in the complex). THE IR spectra in the range of 4000-100 cm-' of the following rare-earth formates were studied: Ce(HCOO)3, Pr(HCOO)3, Nd(HCOO)3, Nd(HCOO)3, Sm(HCOO)3, Eu(HCOO)3 and Gd(HCOO)3. The influence of the metal ion on the metal-oxygen stretching frequencies has been investigated. A normal coordinate analysis of the crystal as a whole will be given elsewhere as well as the potential energy distribution among the force constants for each lattice vibration for these rare-earth formates. s= strong, m= medium, w= weak, b= broad and sh = band is accompanied by a shoulder.
EXPERIMENTAL
The procedure of Sohoo, Panda and P atnaik [1] was used for the preparation of the formates of rare-earth elements. It involves the reaction of the nitrates of the desired elements with formic acid. For the formates Pr(HCOO)~ and Nd(HCOO)3 we prepare first the chloride of these rare-earth elements by a reaction of HC1 and the oxides, according to the procedures of Scheele and Cleve for PrCI~ and NdCI~ respectively [2, 3] . The insoluble rare-earth formates were filtered and dried at 200°C. The recrystallisation from water for all compounds required much care.
The IR spectra in the range 4000-400 cm -~ were obtained using the Hitachi Grating Spectrometer EPI-G3. These spectra were measured in KBr pellets. The far IR spectra (400-100 cm-') were made with a Beckman Fourier Spectrometer FS-720, using polyethylene pellets. Table 1 contains the observed frequencies and assignments. We have chosen the assignments of Ferraro and Becker [4] , based on their deuteration studies of Eu(OOCCD~)3 and La(OOCD)3. The assignments v7 and v, as VMo-~,~ym and vMO-,ym respectively, are given also by them. This was corroborated by Augino [5] who found that these absorptions VT, v8 were unaffected by application of high pressures from which he concluded that these vibrations cannot be rotatory or translatory lattice vibrations. Only praseodymium formate shows all six bands of the formate ion. The other formates give five bands. The splitting of v2 which occurs in cerium formate and of v3 in europium formate, were not found in lanthanum formate, according to the measurements of Ferraro and Becker. tPresent address: Laboratorium voor Fysische Metaalkunde, Materials Science Centre, Universiteits complex Paddepoel, Groningen, The Netherlands.
RESULTS AND DISCUSSION
The clear shifts in the low-frequency absorptions indicate an increase in the metal-oxygen strength from cerium to gadolinium. Ferraro and Becker stated that the increase of the low-frequencies uT, v, of lanthanum formate and neodymium formate is as expected for highly covalent bonding M-O if the atomic weight increases. The M-O bonding in the case of the rare-earth formates is weakly covalent however. Hannay and Smyth [6] derived a simple equation relating partial ionic character to the difference in electronegativity. We calculated for Ce-O and Gd-O bonding, 56% and 53% ionic character, respectively. We see that only a small difference between ionic character for Ce-O and Gd-O gives a distinctive shift in the frequencies 7 and v~.
